Introduction
Phyto-oestrogens are naturally occurring plant components, which are chemically similar to mammalian oestrogens (Setchell & Adlercreutz, 1988) . Their weak oestrogen-like properties have attracted mounting attention over recent years, because of their potentially beneficial health effects (Cassidy et al. 2000; van der Schouw et al. 2000) .
Wider awareness of their possible health benefits has also led to the growing interest of consumers, and consequently to a greater range of both traditional and new phyto-oestrogen-rich products on the market. This has occurred in Europe, but to a greater extent in the USA.
The isoflavones genistein and daidzein, the major phytooestrogens in soya, have received by far the greatest attention; however, other phyto-oestrogens such as lignans may also be of importance to public health. This paper reviews the phyto-oestrogen-rich foods available to the European consumer. Whilst actual intakes are beyond the scope of this paper, recent estimates of isoflavone intake in Ireland, Italy, The Netherlands and the UK (van Erp-Baart et al. 2003) and Finland are available elsewhere in this supplement.
Soya isoflavones
Isoflavones are natural components of legumes, including black beans, green split peas and clover sprouts. However, their concentration in soyabeans is two orders of magnitude higher than in other legumes. Because of this, soya-based foods are the main source of isoflavones in the Western diet (Mazur, 1998; Liggins et al. 20Q0a,b) . Soya isoflavones occur in two main biologically active forms, genistein and daidzein. Both of these are present in soya-derived foods, either as aglycones or as glycosides together with acetic and malonic acid moieties.
Soyabeans and their derivatives
The concentration of total isoflavones in the raw soyabean varies widely due to differences in genetics, cultivar, climate, location and agricultural practices (Farmakalidis & Murphy, 1985; Wang & Murphy, 1994b; Liggins et al. S40 R. J. Fletcher 2000a,b) , and values ranging between 580 and 381Omg/kg have been reported (Reinli & Block, 1996) . While heat treatment appears to change the relative proportions of the different glycosides, mainly by conversion of malonyl and acetyl glycosides to the more stable non-acylated p-glycosides, the total isoflavone content is relatively unchanged by cooking (Barnes et al. 1994) . Therefore roasted beans may contain high levels of total isoflavones because of their reduced water content, but with a wide range due to the factors mentioned above (Table 1) rather than to heat degradation. Soya oil is produced by extraction from whole beans, typically using hexane extraction or by pressing. Isoflavones are not soluble in hexane or lipids and therefore soya oil contains no isoflavones, unlike the residual oil-depleted soya flakes, which are a rich source. These are the raw material for the protein concentrates and isolates used in the manufacture of many 'second-generation' soya foods.
The processing techniques used to produce commercial soya protein concentrates and isolates are extremely varied. This diversity of processing techniques has a major effect on the level of isoflavone in the individual, final food ingredient. Soya protein concentrates are made from dehulled and defatted soyabeans, by either water or alcohol extraction of proteins. They contain at least 65 % protein on a moisture-free basis.
Soya protein isolates are produced in a similar way, but have a higher concentration of protein because more of the non-protein and fibrous components are removed by water or mild alkali extraction. They contain at least 90 % protein on a moisture-free basis.
Textured soya protein is made from soya flour, soya protein concentrates or soya isolates, by extrusion and subsequent protein coagulation by heat, alcohol or pH adjustment, in order to impart a meat-like structure. Where an alcohol extraction is employed, the isoflavone content of the final ingredient is considerably reduced, as most isoflavones are soluble in alcohol (Wang & Murphy, 1994a) . Conversely, extraction with water has a much smaller impact on final isoflavone levels in the final ingredient.
Over recent years, isoflavone concentrates made by solvent extraction have become available, with contents of as much as 50 % isoflavones. Their main application is in the development of foods with enhanced isoflavone levels, but with minimal impact on flavour, food quality or technological function. However, despite their significant technological advantages over soya protein isolates and concentrates as sources of phyto-oestrogens, they have found little application in European foods to date. This may be partly due to regulatory restrictions in Europe on communication of health benefits of foods to consumers. Additionally, national legislation in some countries restricts the addition of nutrients and ingredients such as isoflavone concentrates to foods.
Traditional soya foods
In the Far Eastern cultures there is along tradition of preparing foods from whole soyabeans or soya flour. These foods now form part of the European repertoire of foods and are widely available in all countries. However, beyond a relatively small subgroup of frequent consumers, the mean intake of soya-based foods is currently very low in Europe van Erp-Baart et al. 2003) .
Particular varieties of soyabeans are eaten as whole beans, either cooked (normally boiled) or raw as sprouted beans. Uptake of water, and to a lesser extent leaching from the boiled food, reduces the concentration of isoflavones in these foods compared with the unprepared bean.
Traditionally prepared foods include tofu, which is a protein-rich curd made by precipitation with calcium chloride, and soya milk. Isoflavones are not lipid-soluble. However, their concentration in full-fat tofu and soya milks has been reported to be higher than in reduced-fat versions (Coward et al. 1998) , possibly due to removal as a complex organic/ polar emulsion during preparation of lower-fat versions.
Some products like miso, soya sauce and tempeh are made by fermentation using a variety of moulds, yeasts and bacteria. The fermentation phase in the preparation of these foods can be extremely prolonged, often spanning several months or years. The aglycone isomers in foods prepared in this way are the predominant forms, due to hydrolysis of the glycosides by the respective micro-organism^) used or possibly by glucosidases in the soyabean itself (Coward et al. 1993; Matsuura & Obata, 1993) . These differences may have implications in terms of absorption, metabolism and health in man.
The isoflavone levels in traditional soya foods largely reflect the composition of the raw material beans, but their concentrations are normally lower in prepared foods due to dilution by water used during preparation. Nevertheless, traditional soya foods are potentially a rich source of isoflavones compared with other dietary sources, such as split peas and other legumes. Table 2 illustrates the typical values that have been measured in some traditionally prepared soya foods.
Second-generation soya foods
In addition to the traditional foods described above, European consumers increasingly demand foods that not only provide health benefits, but also are in a familiar and possibly more palatable form. These so-called 'secondgeneration' soya-based foods (Wang & Murphy, 1994a) can be produced from whole soyabeans, flour or tofu, but may also contain soya protein concentrates or isolates. The technological and cost advantages of these ingredients make possible a wider range of foods offering potential health benefits, but without sacrificing the taste enjoyment of more familiar foods.
Such products largely take the form of analogues of Western foods, particularly dairy products including milk, yoghurts and cheeses, and analogues for meat products such as chicken, sausage, bacon and pates. The isoflavone content of such foods can be as high as in more traditional foods. However, they are normally produced as vegetarian alternatives to traditional foods and rarely as a source of isoflavones per se. Therefore, the isoflavone content of soya analogue foods varies considerably, and independently of soya content. The final content is affected by the concentration of isoflavones in the original soya component, dilution by other ingredients, such as wheat gluten, cereals or dairy components, and to a lesser extent by subsequent processing. Examples of second-generation soya foods and their isoflavone contents are given in Table 3 .
Some specialist breads are made with significant levels of soya flour, linseed and other ingredients, and may be a useful source of isoflavones. However, little or no analytical data are available. One example of such breads, produced in The Netherlands, contains a soya isoflavone concentrate enabling a claim of 50mg per 'serving'.
Soya ingredients in European foods
In addition to 'second-generation foods', soya derivatives are widely used in foods at varying concentrations for nutritional, technological and economic reasons. Examples include the use of textured soya protein as a meat extender in some commercially prepared meat products, and low levels of soya ingredients in bread to improve texture and loaf quality. The dietary significance of foods containing relatively low levels of soya phyto-oestrogens, and which are widely consumed, has been difficult to determine. This has been due partly to the unavailability of food composition tables containing sufficient values in a consistent format to allow meaningful dietary analyses of a significant number of foods. Elsewhere in this supplement, van Erp-Baart et al. (2003) report on the systematic compilation of national databases of soya isoflavones, carried out within the framework of the EU Concerted Action VENUS (Vegetal Estrogens in Nutrition and the Skeleton) project. Estimates for genistein and daidzein intakes, from all food sources, were derived based on national consumption data in four European countries (van Erp-Baart et al. 2003) . This study concludes that foods with relatively low isoflavone contents provide an average of less than 0-7mg/d, which is considered physiologically irrelevant. By contrast, the subgroup with high intakes of soya-based foods consumed on average 6-10mg/d.
Lignans
The two primary lignans, enterodiol and enterolactone, are formed by bacterial action on lignan precursors in the intestinal tract (Setchell et al. 1981) . The principal lignan precursor identified so far in plants is secoisolariciresinol. This is not actively oestrogenic per se, but biologically active metabolites, referred to as 'mammalian lignans', are formed following absorption in mammals that have been shown to possess weakly oestrogenic and anti-oestrogenic properties. Like the other phyto-oestrogens, mammalian lignans may play a role in the prevention of oestrogen-dependent diseases (Adlercreutz & Mazur, 1997; Mazur et al. 1998fc; Pietinen et al. 2001) . However, the biological effects of lignans in relation to human health have received little attention to date compared with the isoflavones. The concentrations of precursors in foods are difficult to determine directly, but estimates have been made for several foods by an indirect analytical method, using in vitro fermentation to approximate the likely yield of mammalian lignans (Thompson et al. 1991) . Concentrations of secoisolariciresinol have also been measured directly using a GC-MS method in berries , teas and coffees (Mazur et al. 1998a) .
Lignan precursors are present in a wide range of foods (Table 4) , with linseed (flaxseed) showing the highest concentrations. However, linseed is a relatively minor dietary component in most European countries. The most important source of lignan precursors for most European diets is likely to be fibre-rich foods, especially the cereal brans, notably from wheat, which are consumed in relatively large amounts (Thompson et al. 1991) . A recent study indicates that the main dietary sources of lignans in Finland are seeds, cereals, fruits, berries and vegetables . This contrasts with the situation in the USA, where the main source is fruits , lignan precursors could be a more important source of phyto-oestrogens for the majority of Europeans, particularly for consumers choosing diets rich in plantbased foods.
